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1.
Navier-Stokes
$\partial u/\partial t+(u\cdot\partial/\partial x)u-\backslash !(\partial/\partial x)^{2}u=-\partial/\partial x(p/0)$ , (1)
$(\partial/\partial x)\cdot u=0$ , (2)
(1) (2) L $U$
(1) (2) $\prime v$
Reynolds $R=LU/w$




( $p(x,t)$ (1) (2) )
Reynolds
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2.
Reynolds (1895)





$\langle u(x,t)\rangle=\overline{u}(x,t)$, $u(x,t)=\overline{u}(x,t)+\hat{u}(x,t)$ , $\langle\hat{u}(x,t)\rangle=0$, (3)
$\grave$
$\overline{u}(x,t)$ $\hat{u}(x,t)$
$\overline{u}(x,t)$ (1) (2) (3)
$\partial\overline{u}/\partial t+$ $(\overline{u} . \partial/\partial x)\overline{u}+\langle(\hat{u}\cdot\partial/\partial x)\hat{u}\rangle-\prime v(\partial/\partial x)^{2}u=-\partial/\partial x(\langle p\rangle/\rho)$, (4)
$(\partial/\partial x)\cdot\overline{u}=(\partial/\partial x)\cdot\hat{u}=0$ , (5)
(4) (5) (4) 3 (1) $\backslash$ (2)
2








(6) 2 2 Bij
2 3
$T_{jj.k}(x_{1},x_{2};l)=\langle\hat{u}_{l}\cdot(x_{1},t)\hat{u}_{/}(x_{1},t)\hat{u}_{k}(x_{2},l)\rangle$, $i,$ $j,$ $k=(1,2,3)$ (7)
$B_{j}/\cdot(r,t)=-(l./2)\partial B_{LL}(r,t)/\partial r(r_{i^{f’}j}/r^{2})+\{B_{LL}(,’,t)+(r/2)\partial B_{LL}(r,l)/\partial r\}\mathfrak{d}_{ij}\backslash$ , (8)
$T_{ij.k}(r,t)=-(r/2)(r\partial/\partial r-1)T_{LL.L}(r\cdot,t)(r_{j}r_{/}\cdot r_{A}./r^{3})-\neg(1/2)T_{LL.l_{r}}(r,l)\delta_{J}jr_{k/}\cdot/r$
$+(1/4)(r\partial/\partial r+2)T_{LL.L}(r,l)(6_{i\lambda}.r_{/}/r+\delta_{/k}r_{j}/r)$. (9)




$B_{i/}$. $T_{j}/,k$ Navier-Stokes (1)
$[\partial/\partial t-2v\partial^{2}/\partial_{k^{2}}r\cdot]B_{li}(r,t)=-(\partial/\partial;k)\{T_{ik}.’(r,t)-T_{ik}.’(-r,t)\}$ . (10)
(9) (7) (8)
$[\partial/\partial t-2v\{\partial^{2}/\partial r^{2}+(4/r\cdot)(\partial/\partial r\cdot)\}]B_{LL}(r,l))=-(0\neg/\partial r+4/r)T_{L,../_{\lrcorner}}(r,l)$. (11)
(10)
Karman Howarth (1938) Karman-Howarth














$\tilde{u}(k,t)=(2\pi)^{-3}\int\hat{u}(x,t)\exp[-ik\cdot x]dx$ , (13)
\^u $(\nu$ $)$ u$\sim$ (k,l)
$re$ $\tilde{u}(-k,t)=$ $re$ $\tilde{u}(k,t)$ , $im$ $\tilde{u}(-k,t)=-$ $im$ $\tilde{u}(k,t)$ , (14)
$p(x,t)$ Fourier
u(k,t) $\hat{u}$(x,t) (1) (2)
Fourier (11)
$[\partial/\partial t+v if]\tilde{u}(k,t)=-i|(k’\cdot\tilde{u}(k-k’,t))\{\tilde{u}(k’,t)-(k/$ $(k.,u\sim(k’,t))\}$dk”(15)
$k\cdot\tilde{u}(k,t)=0$ . (16)
(15) (16)
(15) (16) (1) (2)
$\partial$/$\partial \mathbb{X}$ ik $\hat{u}(x,t)$
u(k,t) $k$
2 2 3 $B_{j}/\cdot$ $T_{ij,k}$ $r=x_{2}-$ Xl
$\Phi_{lj}$ $\Psi_{i_{f}k}$
$B_{/}j.( r,t)=\langle\hat{u},(x,t)\hat{u}_{/}\cdot(\chi+r,t)\rangle=\int)_{i}$ , $i,$ $j=(1,2,3)$ (17)
$T_{i/k}(r,r’,t)=\langle\hat{u}_{i}(x,t)\hat{u}_{i}(x+r,t)\hat{u}_{k}(x+r’,l)\rangle$
$= \int\Psi_{jjk}$ $(k,k’;t)\exp[i(k\cdot r+k’\cdot r’)]$dkdk’, $f,./,k=(1,2,3)$ . (18)
$(I)_{jj}(k,t)=(1)(k,t)\Delta_{i_{J}}\cdot(k)$, (19)
$\int\Psi_{ijk}(k,k’;t)$ $dk$ ’ $=-(i/2k)\Psi(k,t)\{k_{i}\Delta_{j}$ $(k)$ $+k_{k}\Delta_{i/}\cdot(k)\}$ , (20)
$\Phi$ $\Psi$ (15) (16)
$[\partial/\partial t+2vk^{2}](I)(k,t)=k\Psi(k,t)$ . (21)
$E(k,t)=4\pi k^{2}\Phi(k,l)$ , $W(kt)=4\pi k^{3}\Psi(k,t)$ , (22)
$\int_{0}^{cJ_{-})}E(k,l)dk=(1/2)^{\langle}|\hat{u}(x,l)|^{2}\rangle$ , $\int_{0}^{\sigma_{-}\rangle}W(k,t)dk=0$ , (23)
(21)
$[\partial/\partial t+2vk^{2}]E(k,t)=W(k,t)$ . (24)
















$\epsilon=\gamma$ $\sum_{ij^{=}(1,2,3)}\langle(\partial\acute{u}_{j}/\partial xi)^{2}\rangle$ (25)
’ [ ]
Reynolds $r$ $\triangle\hat{u}$
$\prime v$ $\epsilon$ [ ]
$\triangle$ 2/3


















$[\partial/\partial t+v(k^{2}+k^{\prime 2}+k^{\prime\prime 2})]\langle\tilde{u}_{i}(k,t)\tilde{u}_{/}\cdot(k’,t)\tilde{u}_{k}(k’’,t)\rangle$
$= M_{il},,,(k)\sum_{j}\langle\tilde{u}_{l}(j,t)\tilde{\iota r},,,(k-j,t)\tilde{u}_{j}(k’,t)\tilde{u}_{k}(k’’,t)\rangle$
$+ M_{jl,,t}(k)\sum_{j}\langle\tilde{u}_{l}(j,t)\tilde{u},,,(k’-j,t)\tilde{u}_{j}(k,t)\tilde{u}_{k}(k’’,t)\rangle$
$+ M_{k1},,,(k’’)\sum_{j}\langle\tilde{u}_{l}(j,t)\tilde{u},,,(k’’-j,t)\tilde{u}_{/}\cdot(k’,t)\tilde{u}_{j}(k,t)\rangle$ , $k+k’+k”=0$ . (27)
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8 $(k,t)$ / $\triangleright$ z(k)
$\varphi(z,l)=\langle\exp[i\int_{\zeta 2^{Z(k)}}\cdot\tilde{u}(-k,t)dk]\rangle$ , (29)





















2 $\hat{u}_{1}=\hat{u}(x_{1},t)$ \^u2 $=$\^u(x2,t)
$\hat{u}_{+}=(\hat{u}_{1}+\hat{u}_{2})/2$ , $\hat{u}_{-}=(\hat{u}_{2}-\hat{u}_{1})/2$ , (32)
1 2












$1arrow\infty$ $rarrow 0$ $1arrow\infty$
1 $\Gammaarrow$0
2 $\Gamma$-0 2 f2)
$j^{\{2)}(v_{1},v_{2};x_{1},x_{1};t)=f(v_{1},x_{1},t)\delta(v_{2}-v_{1})$.











$=-$ vlil$n_{|x2-x1|arrow 0}|\partial/\partial x_{2}|^{2}\partial/\partial v_{1}\cdot\int_{V_{2}}.f^{(\cdot 2)}(v_{1},v2;x_{1},x_{2};t)dv$ 2
$+ \partial/0_{1}\backslash \cdot\partial/\partial x_{1}(1/4\pi)j\int|x_{2}-x_{1}|^{-1}(v_{2}\cdot\partial/\partial x_{2})^{2}.f^{(2)}(v_{1},v_{2};x_{1},x_{2};t)dv$ 2 $dx$2. (37)
2 $\mathcal{L}$) $1^{\cdot}$ $=|x_{2}-x_{1}|arrow 0$
(35)
(37) 2 (35) 2 1
$f$ 1
$[\partial/\partial t+v_{1}\cdot\partial/\partial x_{1}+v\partial/0_{1}\backslash \cdot v_{1}|\partial/\partial x_{1}|^{2}$
$+\alpha(x_{1},t)|\partial/\partial v_{1}|^{2}-\partial/\partial v_{1}\cdot\partial/\partial x_{1}\beta(v_{1},x_{1},t)].f\langle v_{1},x_{1},t)=0$ , (38)
$\alpha(x_{1},t)=(2/3)v\lim_{1||arrow 0}x2-x|\partial/\partial x_{2}|^{2}\int|v_{-}|^{2}g_{-}(v_{-};x_{1},x_{2};t)dv_{-},$ (39)
$\beta(v_{1},x_{1},t)=(1/4\pi)\int j|x_{2}-x_{1}|^{-1}(v_{2}\cdot\partial/\partial x_{2})^{2}(1+v-\cdot\partial/\partial x_{1})g_{-}(v_{-};x_{1},x_{2};t)$dv-dx2. (40)
$\alpha=(1/3)\epsilon$ $\beta$
$g-$






2 )$(vl,v_{2};x_{1},x_{2};t)$ Lundgren-Monin 1 (37)
2 (37)
$x_{1}$ $x_{2}$ 2
3 $j^{(3)}(v_{1},v_{2},v_{3};x_{1},x_{2},x_{3};t)$ $3$ $r=|x_{2}-\chi_{1}|$ $l^{f_{=|x_{3}-x_{1}|\text{ }}}$
$r”=|x_{3}-x_{2}|$ $(\Gamma farrow 0$ $r”arrow 0)$
(35) $r$








Tatsumi et al (2004)
482 ( )
2 $\oint^{2)}$ $r$ $\swarrow\backslash$ r”
$r’$ $r”$ 1-
$r$ (r$arrow$0)
$r$ (35) $v_{+\text{ }}v_{-}$ $v_{3}$
(35)
2
Tatsumi et al (2007)
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1 $f$ (38)
$\alpha$ (39) $\beta$ (40) $g-$
2 $f^{2)}$
$\alpha$ $\beta$ g-
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